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the radius of the rim of the wheel. This is the simplest kind
of balancing. The most complicated kind occurs in the motion
of a rod, like a connecting-rod, in which one end reciprocates
to and fro in a straight line and the other end follows a circular
path, with the result that intermediate parts of the rod follow
a complicated curve and one not easy to treat. In such a case
as this it is customary to obtain an approximate solution by
assuming that a certain part of the rod is massed at the cross-
and the rest at the crank-pin, and it is not -unusual to
this division of the rod in inverse proportion to the dis-
tance of the centre of gravity from either end. This is only
an approximation, unless it happens that the rod is so made
(which it usually is not) that if hung up from the "big and little
ends in turn it will swing, pendulum wise, with the same number
of swing-swangs per minute. When a number of rotating
masses (real or assumed) have to be "balanced it is useful,
following Dalby's method, to consider the plane perpendicular
to the shaft in which one or more of them lie to be rotating at
the same speed as the shaft and to draw out on. this plane the
force diagram.
111. The connecting rod influences the problem of the run-
ning of the engine in another way. If the crank-pin rotated
uniformly and the connecting rod were infinitely long the
motion of the piston would be Simple Harmonic., and the dis-
placement of the piston from the middle of its stroke would be
r cos 6 at the instant when the angle between the crank and
the line of dead centres was 0, the radius of the crank-pin
circle being r. But the connecting rod in actual engines is
usually quite short, never more than ten times the length of
tie crank arm, and usually much less. This produces a com-
plicated motion of the piston, and it will be useful to calculate
exactly what it is. Let P be the crank-pin and A the piston
which, in the position shown* is at a distance AB from, the
beginning of its stroke. The angles 9 and g> are as shown in
tie diagram. OP is r and AP, I AB wiH be written as x.
N0w it is clear that
r cos 0+1 cos  99 + x = BO
and                              BQ==Z-fr
ao                   T ocs 6 +1 oos- p> 4-x = I + r . . . .     (l)